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Abstract 
BRT, short for Bus Rapid Transit System, has been an important choice for large and medium-sized cities to reduce the traffic congestion. 
Since BRT travel can greatly reduce the bus travel time of passengers, it attracts a large portion public bus trips, making BRT station a 
centralized area with a high density of passengers for public transport. Under the circumstances, accidents such as serious crowd, panic, 
trample and even casualties may occur in BRT station. It is of great significance to propose an evacuation model for BRT station to 
provide guidance and advices for evacuation in BRT station. First, by analysing existed computer evacuation simulation models, we 
propose a new simulation model, in which fine grid is used to model the BRT station and conflict resolution mechanisms and pedestrian 
movement rules are incorporated. Then, we develop a computer-programming evacuation simulation platform based on the evacuation 
simulation model. By applying it to Gangding station of Guangzhou BRT, we take a closer look on the laws of evacuation in BRT station. 
Finally, the simulation provides the details of the dynamic evacuation process clearly; some phenomenon such as bottleneck area and 
influences of obstacles are directly observed. The results verify the practicability and feasibility of the evacuation model. 
Available online at www.sciencedirect.com
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Nomenclature 
N             evacuation area 
g             square grid 
,i j                   grid coordinates in row and column directions. 
( , )ijg x y         location of  grid in row i and column j 
n                       the number of grids that are not stay in empty state in the reference region 
U                      crowed density 2( / )person m  
V                      velocity of an occupant 
0V                      maximum velocity of evacuees V                      reduction factor of velocity  
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1. Introduction 
When emergencies happen in public buildings with a high density of citizens, accidents such as serious crowd, panic, 
trample and even heavy casualties may occur .Bus rapid transit (BRT) is a new model of public transportation with a 
characteristic of large capacity. According to the properties and physical characteristics of Guangzhou BRT station, the 
stations are usually composed of the station sites and pedestrian walkway with a narrow space. BRT station is a 
concentrated area with a high density of passengers and is mixed with the traffic flow. The safe evacuation of passengers 
inside the station at emergency has received more and more attention in recent years. However, while the researches on the 
emergency evacuation for offices or residential buildings [1-2], stadiums [3-4] and metro station [5-7] are active, the 
relevant exploration on BRT stations is sparse. Therefore, pedestrian evacuation simulation research for BRT station is of 
necessity. 
At present, the common pedestrian emergency evacuation model can be roughly divided into two categories: 
macroscopic simulation model and microscopic simulation model [8]. Most macro simulation models adopt a network-node 
approach in which the crowed is seen as a whole, represented by the network node model. The network-node model [9] has 
abstracted the entire evacuation area into a network. Evacuation routes and roads are abstracted into edges. The areas of 
certain capacity are abstracted into nodes. Multi-objective optimization problems considering evacuation routes, evacuation 
time, congestion degree that have been researched. The movement of the whole crowed is seen as the analysis target in 
macroeconomic simulation model, lacking detailed study and research of individual behavior. Thus the simulation cannot 
reflect the characteristics of individuals and the distinction between them in a BRT station with a narrow space, lacking 
intuitive description of the evacuation. On the other hand, the micro-simulation model focuses on the description of 
individual evacuation behavior such as individual psychology, interaction and other behaviors. The most representative 
models of micro-simulation include the cellular automata model [10-11], Multi-Agent model [12] and grid network model 
[13-14]. In these models, the evacuation area can be divided into fine grids. The position of every evacuee can be calculated 
and recorded at each time step so that the process of simulation is shown in the model specifically. Fine grids can be easily 
divided in BRT station because of the uniformity of architectural structure, the micro-simulation model can apply to BRT 
station evacuation simulation. 
Therefore, this paper proposes a fine grid evacuation simulation method in which the process of crowd evacuation is 
discretized based on the functional attributes and physical characteristics of the BRT bus stations. To simulate the crowd 
evacuation process at emergency in BRT stations in a real visualized way without occupying too much computing resource, 
individual behaviors are loaded legitimately. The evacuation area is divided into fine grids firstly, and then an evacuation 
model is constructed. It considers the distribution of crowd in the BRT station according to the original crowed density of 
different area inside the station. The direction of the minimum angle to exits is chosen as the movement direction of 
evacuees. Movement velocity of different types of pedestrian and conflict resolution mechanisms consisting of Obstacle 
avoidance principles and transferring intention are also include in this model. Finally, Gangding station of Guangzhou BRT 
is taken as a computational simulation example. The simulation analysis results show a linear relationship between the 
number of evacuees and the evacuation time, and it shows that the appearance of obstacles and exit volume will impact on 
evacuation efficiency. 
2. Evacuation Simulation Model 
Evacuation is a complex progress with group behaviour. The evacuation progress is affected by many factors such as 
personal characteristics, original position, interactions, obstacles and other conflicts. A discrete simulation model was 
proposed based on cellular automation that is one of available tools which to simulate the complex behaviours and study 
complex system. Evacuation law of individuals will be observed and studied in this simulation model. Fine grid method is 
defined and dynamic simulation progress can be calculated and shown in the model based on basic principles of cellular 
automata. 
2.1. Fine grid definition 
Due to the BRT station’s environment characteristics, fine grid network model is very suitable to be applied in BRT 
station evacuation simulation model. A two-dimensional coordinate system can be established, individuals’ evacuation 
characteristics can be analyzed by computing and recording accurate movement information of the individuals such as 
velocity vectors and position coordinates. Evacuation environment modeling is the foundation of the evacuation simulation 
model. The evacuation area is divided into a series of fine grids that can only hold one occupant at most. According to the 
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average size of a Chinese adult, the grid size which represents a horizontal projection area of an occupant is set as 0.4 by 
0.4m. So the evacuation area can be denoted by Equation (1): 
,i jN g 
 
, 0,1,..,i j n 
                                                                  
(1) 
Where g is a square grid, i and j represent grid coordinates in row and column directions. Grid ,i jg represents the grid 
that is in row i and column j whose location can be shown by the two-dimensional array coordinate of the grid’s center 
point by Equation (2): 
( , ) (0.2 0.4*( 1),0.2 0.4*( 1))ijg x y i j    
                                            
(2) 
     In this paper, the states of a grid are divided into three states: occupied state, empty state, and obstacle state. Once a grid 
is in occupied state or obstacle state, other occupants cannot enter this grid at this time any more.                        
2.2. Movement of occupants 
As evacuation begins, evacuees will try to move to an exit in the shortest time, the distance between the location of 
evacuees and the exits of buildings is a key factor, so the nearest exits would always be chosen as evacuation destinations by 
evacuees. In order to ensure the consistency of evacuation direction, the movement direction of evacuees should be 
determined at every time step. Occupants can only enter grids that are in empty state and move from one grid to another of 
the 8 neighboring grids, the empty grid with the least angle between occupants’ movement direction and the destination 
should be next moving target in the reference region, as shown in fig1.  
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Fig. 1. Movement of occupants in fine grid model 
The movement velocity of occupants should be affected by the environment restraints such as obstacles, building 
boundaries and crowed congestion. The movement velocity attenuation phenomenon will occur when conflicts appear in the 
evacuation path. Basically, the velocity is affected by the surrounding crowd density in an area of 1.2 m by 1.2 m that is 
3grids by 3grids.So the crowd density can be expressed by Equation (3): 
1.44
nU  
                                                                                         
(3) 
Where 2( / )person mU is the crowed density, n is the number of grids that are not stay in empty state in the reference 
region. The velocity of occupants can be calculated by Equation (4): 
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Where 0V  is the maximum velocity that evacuees walk in the evacuation area and its value is1.66 /m s . Evacuees can 
be divided into 3 parts that are children, young people and old people by age. According to the different body function of 
different age, people may walk in different velocity. Young people can walk faster than children and old people. AndV is 
the reduction factor of velocity in crowed of different age, as shown in table 1. 
                                                       Table 1. Reduction factor of velocity 
Type  V  
Children 0.75 
Young people 1 
Old people 0.8 
2.3. Conflict resolution mechanisms 
Conflicts that are caused by obstacles or long time queuing and congestion during the evacuation process often occur. As 
the evacuation efficiency was greatly affected by conflicts, it is very important to proposal some mechanisms such as 
obstacle avoidance and intention transferring to solve conflicts. Obstacles exist when some grids are in obstacle or building 
state in reference region of an evacuee. An evacuee has to change the direction along obstacles and look for the nearest exit 
when coming into conflict with obstacles. In the case of multi-exits with almost the same distance to the position of 
evacuees, the exit surrounded by fewer people would be chosen. The crowd density around the exits would be an important 
index for evacuees to change destination exit and transfer intention. 
3. Computational Simulation Experiment 
The simulation platform based on fine grid model is developed using C# language based on Visual Studio 
2010+WPF.The main parameters of the simulation platform are follows: the number of evacuees, ratio between children, 
young people and old people, and refresh time interval. 
3.1. Data origination  
Gangding station of Guangzhou BRT is taken as an evacuation simulation area in this paper. Gangding station is one of 
the most typical BRT stations in Guangzhou that lies in eastern business area of Guangzhou with a high density of 
passengers for bus or metro transit transfer. The building of Gangding station whose length is about 400 m is composed of 
two parts: waiting area and pedestrian overpass with walkway, as shown in fig 2. Waiting area is a region that covered by 
length of 200 m and width of 5 m for passengers to wait for bus inside the station. The station can be divided into three sub 
stations beside the BRT lanes .The sub stations locate in the north side are called N1, N2 and N3, and other three sub 
stations in the south side are called S1, S2 and S3. Passengers pass in and out station through ticket gate machines that are 
set up at eastern and western ends of waiting area. Each end has two entrance channels and exit channels which can serve a 
passenger each time by ticket gate machines. So ticket gate machines that are in exit channel would be the exits for the 
evacuees. According to the different functions of waiting area, waiting area is classified into three regions including transit 
transfer region, rest region and corridor region. Transit transfer regions and rest regions are connected by corridors. 
Pedestrian overpass with walkway is a necessary area for passengers to go pass between the ticket gate machines and 
pedestrian overpass exits with a very high crowd density. According to the field survey, the original crowed density of 
different area in the whole BRT station is shown as table 2. 
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                                                                    Table 2. Density distribution of different area 
Region U ˄ 2/person m ˅ 
Transit transfer region 3.05 
Rest region 2.31 
Corridor region 1.11 
Pedestrian overpass  3.56 
BRT lanes
BRT lanes
N3 sub station
Staircase Staff pavilion
Tick gate machine
North
Transit tranfer gate
N2 sub station N1 sub station
S3 sub station S2 sub station S1 sub station
 
Fig. 2. Scene graph of Gangding BRT station 
3.2. Evacuation simulation 
In the computational simulation, black lines represent the edges of evacuation area, polygons represent obstacles, and 
dots with different filling colours represent evacuees in different ages. The number of total evacuees is set as 800, and the 
original positions of whole evacuees are randomly assigned based on the original crowed density of different area. Because 
of space limitation, only the original simulation views of N3 sub station (fig 3(a)) and the pedestrian overpass with walkway 
in the northeast corner (fig 3(b)) are shown in fig 3.Children, young people, old people were represented by red dot, yellow 
dot and blue dot respectively. 
 
Fig. 3. Original distribution of evacuees 
The complete evacuation process includes two progresses: the first evacuation progress is the progress in which evacuees 
are evacuated from waiting area to the ticket gate machines; the second evacuation progress is the progress in which 
evacuees are evacuated from ticket gate machines to the exits of pedestrian overpass with walkway. Fig 4(a) shows detail 
view of evacuation simulation in N3 sub-station at time step 10 at the beginning of the evacuation simulation. Crowed 
congestion appears near ticket gate machines in N3 sub-station at time step 70 that is shown in fig 4(b). At the end of the 
first evacuation progress in N3 sub-station, very few evacuees left in the station, as shown in fig 4(c).The original evacuees 
in the pedestrian overpass with walkway and evacuees move out through ticket gate machines successively constitute two 
parts of evacuees in the second evacuation progress. At time step 50, many evacuees have moved out through ticket gate 
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machines to join in the queue of evacuees in the pedestrian overpass with walkway, as shown in fig5 (a).The scene of 
simulation in the pedestrian overpass with walkway in the northeast corner at time step 200 when the first evacuation is 
already finished is shown in fig 5(b). At this time, the walkway and staircase of pedestrian overpass have been in congestion 
state. Fig 5(c) shows that few evacuees are left in the overpass at time step 500.As all evacuees in the BRT station are 
retreated completely, the evacuation simulation is really finished. The total evacuation time is 563 time steps. 
It is identified that evacuees take more time in the second evacuation progress. Longer distance of walkway, narrow 
space of staircase and a large number of evacuees may cause serious crowed congestion. In order to keep order and make 
crowed emotional stability, it is necessary to provide guidance for evacuees in the congested area. 
 
Fig. 4. Simulation scene of N3 sub-station (a) at time step 10 and (b) at time step 70 and (c) at time step 160 

Fig. 5. Simulation scene of the northeast pedestrian overpass (a) at time step 50 and (b) at time step 200 and (c) at time step 500 
3.3. Result analysis 
3.3.1. Influence of obstacles 
Due to the appearance of obstacles, evacuation area would be narrower and evacuation progress would be delayed. In 
order to study the influence of obstacles on evacuation, another simulation in which obstacles are randomly added inside the 
station is performed. The number of total evacuees is also set as 800, and two obstacles are added in N3 sub station, as 
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shown in fig 6.We can easily see it that evacuees are blocked by the obstacle. Through both 10 simulation experiments, the 
average evacuation time of no-obstacles simulation is 589 time steps, and the average evacuation time of simulation with 
obstacles is nearly 649 time steps. The result shows that obstacles such as billboards, pillars should not be set up on the path 
of corridors inside the station. The space of the station should keep unobstructed to guarantee the efficiency of evacuation. 
 
Fig. 6. Simulation with obstacles 
3.3.2. Evacuation bottleneck 
As a ticket gate machine can serve only a passenger each time, evacuees have to queue and wait to move out by going 
through ticket gate machines in evacuation condition. Long queue is formed in the area that around the ticket gate machines 
and a serious congestion phenomenon is shown in Fig 4(b). In this situation, evacuees’ velocity is reduced and evacuation 
time is increased. The area near ticket gate machines has been an evacuation bottleneck area where evacuation is delayed 
obviously. 
Ticket gate machine is one of the key equipment of city track traffic automatic fare collection system. Ticket gate 
machine is classified into two types according to its character: three bar gate machine and auto gate machine. Auto gate 
machine and a part of three bar gate machines allowing two-way passing while some three bar gate machines only allowing 
one-way passing. In two-way condition, the mode of ticket gate machine can be changed whenever it is necessary so that 
evacuees can move out through the ticket gate machines those providing service for passengers to get in before at 
emergency. Namely, the number of gate machines allowing evacuees to move out increases and evacuees can be evacuated 
in a shorter time. The type of ticket gate machine in Gangding BRT station is three-bar. Two entrance channels and exit 
channels stay at each end in station. If the gate machines here were three bar gate machines, four exit channels could serve 
evacuees. For the sake of studying the evacuation efficiency in this way, another simulation with four exit channels in the 
station is conducted. Fig 7 compares the evacuation time between the simulation experiments with two exit channels and the 
simulation experiments with four exit channels as the number of total evacuees changes. It shows that evacuation time of 
simulation with four exit channels is shorter. It is necessary to improve the evacuating efficiency at emergency by using 
two-way mode ticket gate machines in BRT station. 
As the locations of bottleneck are suggested, measures should be taken for it. Station staffs should stay in this area to 
provide guidance and advices to evacuees so that crowed can stay in a calm condition. 
 
Fig. 7. Comparison of the evacuation time 
3.3.3. Comparison of evacuation time between different numbers of total evacuees 
Evacuation time is a time distance between the time when evacuation start and the time when all evacuees are evacuated 
successfully .It is an important index to measure the efficiency of evacuation. The number of the passengers inside the 
station varies with time as the buses arrive at and off the station. This paper presents a general relation between evacuation 
time and the number of evacuees (from 1 to 1200) by changing the evacuees’ number in the simulations. Fig 8 shows that 
evacuation time increases as the number of passengers inside the station rises. A linear trend is presented. It is obviously 
shown that the density of passengers must be controlled for the sake of public safe and potential evacuation preparation. 
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Fig. 8. Relation between evacuation time and the number of evacuees 
4. Conclusions 
This paper has presented an evacuation simulation model for BRT station in which fine grid is used to model the 
evacuation area. The evacuation model is composed of conflict resolution mechanisms and pedestrian movement rules. 
Finally a dynamic simulation platform was developed based on this model. Guangzhou BRT is taken as an experimental 
area in this paper, several simulations have been performed. As the whole evacuation simulation progress can be calculated 
and recorded in the model, the whole dynamic progress can be shown in a visualized scene. According to the results of the 
simulations, obstacles inside the station have a bad influence on the evacuation, bottleneck area have been suggested in the 
paper. The ticket gate machines allowing two-way passing have been recommended in the BRT station to provide more exit 
channels at emergency. Other advices about controlling the number of passengers in the station and providing guidance 
during evacuation progress have been put forward. More detailed characteristics of pedestrian and interactions with others 
such as helping old people and children should be considered and added into this model for the future work. 
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